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PHOTOACID GENERATORS AND
PHOTORESISTS COMPRISING SAME

The present application claims the benefit of priority under
35 US.C. §119(e) to U.S. Provisional Application No.
61/285,478, filed Dec. 10, 2009, the entire contents of which
application are incorporated herein by reference.

This invention relates to methods for synthesis of photo-
acid generator compounds (“PAGs”), new photoacid genera-
tor compounds and photoresist compositions that comprise
such PAG compounds. In particular, the invention relates to
particular sulfonium-containing (S+) photoacid generators
and methods of synthesis of sulfonium photoacid generators.

Photoresists are photosensitive films for transfer of images
to a substrate. They form negative or positive images. After
coating a photoresist on a substrate, the coating is exposed
through a patterned photomask to a source of activating
energy such as ultraviolet light to form a latent image in the
photoresist coating. The photomask has areas opaque and
transparent to activating radiation that define an image
desired to be transferred to the underlying substrate.

Known photoresists can provide features having resolution
and size sufficient for many existing commercial applica-
tions. However for many other applications, the need exists
for new photoresists that can provide highly resolved images
of submicron dimension.

Various attempts have been made to alter the make-up of
photoresist compositions to improve performance of func-
tional properties. Among other things, a variety of photoac-
tive compounds have been reported for use in photoresist
compositions. See, e.g., U.S. Pat. Nos. 6,664,022 and 6,849,
374.

In one aspect, we now provide novel photoacid generator
compounds (PAGs) that comprise a sulfonium (>S+) compo-
nent for use in either positive-acting or negative-acting pho-
toresist compositions. Particularly preferred sulfonium
PAGS of the invention comprise a difluoro solfonic acid cat-
ion component (e.g. R—CF,SO;— where R is a non-hydro-
gen substituent).

In another aspect, synthetic methods are provided to pro-
duce sulfonium-containing photoacid generator. In a pre-
ferred embodiment, a substituted alkylsulfide is cyclized to
provide a cyclopenyl, cyoclhexyl or cyclohepyl sulfonium
PAG (e.g. RS+<(CH,),_s where R is a non-hydrogen substitu-
ent.

In a further aspect, PAGs that comprise a sulfonic anion
component are provided where a chain has at least four satu-
rated non-cyclic atoms (typically carbon or hetero N, O or S,
more typically carbon or oxygen, even more typically each
linked member of the saturated chain is carbon) between (i) a
sulfonic moiety (SO;7) and (ii) (a) a non-saturated moiety
(e.g. phenyl or other carboxyclic aryl), keto (carbonyl), ester,
and the like or (b) an alicyclic group such as cyclohexyl, and
the like. Exemplary anion components may include those of
the following formula: R(CH,), (CF,),,SO;~ where the sum
of n and m is at least four, and R is other than a saturated,
non-cyclic group (e.g. R may be ester, phenyl, cyclohexyl).

We have found that such a saturated chain can provide
notably enhanced solubility of the PAG compound in typical
photoresist solvents such as ethyl lactate, propylene glycol
methyl ether acetate and the like.

Preferably, PAGs of the invention are used in positive-
acting or negative-acting chemically amplified photoresists,
i.e. negative-acting resist compositions which undergo a pho-
toacid-promoted crosslinking reaction to render exposed
regions of a coating layer of the resist less developer soluble
than unexposed regions, and positive-acting resist composi-
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tions which undergo a photoacid-promoted deprotection
reaction of acid labile groups of one or more composition
components to render exposed regions of a coating layer of
the resist more soluble in an aqueous developer than unex-
posed regions. Ester groups that contain a tertiary non-cyclic
alkyl carbon or a tertiary alicyclic carbon covalently linked to
the carboxyl oxygen of the ester are generally preferred pho-
toacid-labile groups of resins employed in photoresists of the
invention. Acetal groups also are suitable photoacid-labile
groups.

Preferred imaging wavelengths of photoresists of the
invention include sub-300 nm wavelengths e.g. 248 nm, and
sub-200 nm wavelengths e.g. 193 nm and EUV.

Particularly preferred photoresists of the invention contain
an imaging-effective amount of one or more PAGs as dis-
closed herein and a resin that is selected from the group of:

1) a phenolic resin that contains acid-labile groups that can
provide a chemically amplified positive resist particularly
suitable for imaging at 248 nm. Particularly preferred resins
of this class include: i) polymers that contain polymerized
units of a vinyl phenol and an alkyl acrylate, where the poly-
merized alkyl acrylate units can undergo a deblocking reac-
tion in the presence of photoacid. Exemplary alkyl acrylates
that can undergo a photoacid-induced deblocking reaction
include e.g. t-butyl acrylate, t-butyl methacrylate, methylada-
mantyl acrylate, methyl adamantyl methacrylate, and other
non-cyclic alkyl and alicyclic acrylates that can undergo a
photoacid-induced reaction, such as polymers in U.S. Pat.
Nos. 6,042,997 and 5,492,793, incorporated herein by refer-
ence; ii) polymers that contain polymerized units of a vinyl
phenol, an optionally substituted vinyl phenyl (e.g. styrene)
that does not contain a hydroxy or carboxy ring substituent,
and an alkyl acrylate such as those deblocking groups
described with polymers i) above, such as polymers described
in U.S. Pat. No. 6,042,997, incorporated herein by reference;
and iii) polymers that contain repeat units that comprise an
acetal or ketal moiety that will react with photoacid, and
optionally aromatic repeat units such as phenyl or phenolic
groups;

2) aresin that is substantially or completely free of phenyl
or other aromatic groups that can provide a chemically ampli-
fied positive resist particularly suitable for imaging at sub-
200 nm wavelengths such as 193 nm. Particularly preferred
resins of this class include: 1) polymers that contain polymer-
ized units of a non-aromatic cyclic olefin (endocyclic double
bond) such as an optionally substituted norbornene, such as
polymers described in U.S. Pat. No. 5,843,624 incorporated
herein by reference; ii) polymers that contain alkyl acrylate
units such as e.g. t-butyl acrylate, t-butyl methacrylate,
methyladamantyl acrylate, methyl adamantyl methacrylate,
and other non-cyclic alkyl and alicyclic acrylates; such poly-
mers have been described in U.S. Pat. No. 6,057,083.

Resists of the invention also may comprise a mixture of
distinct PAGs, typically a mixture of 2 or 3 different PAGs,
more typically a mixture that consists of a total of 2 distinct
PAGs.

The invention also provide methods for forming relief
images of the photoresists of the invention, including meth-
ods for forming highly resolved patterned photoresist images
(e.g. a patterned line having essentially vertical sidewalls) of
sub-quarter micron dimensions or less, such as sub-0.2 or
sub-0.1 micron dimensions.

The invention further provides articles of manufacture
comprising substrates such as a microelectronic wafer or a flat
panel display substrate having coated thereon the photoresists
and relief images of the invention. Other aspects of the inven-
tion are disclosed infra.

As discussed above, in one aspect, the invention includes
producing a sulfonium compound comprising cyclizing an
alkylthio compound. Suitably, the alkylthio compound may



US 9,255,079 B2

3

be cyclized at elevated temperature, e.g. in organic solvent at
reflux such as acetonitrile, toluene and the like.

A variety of alkylsulfide compounds may cyclized in
accordance with the invention, including e.g. compounds of
the formula R—S(CH,), (CH,LG) wherein:

R is a non-hydrogen substitutent such as optionally substi-
tuted carobyclic aryl e.g. optionally substituted phenyl,
optionally substituted naphthyl or optionally substituted
anthracene; or an optionally substituted heteroalicyclic or
heteraromatic group such as optionally substituted thienyl; or
optionally substituted alicyclic such as optionally substituted
cyclohexyl, cyclopenyl;

n is an integer of from 3 to 6; and

LG is a leaving group such as halo e.g. Br, Cl or I; or
sulfonic ester such as tosylate, mesylate, or other suitable
leaving group.

In particularly preferred aspects, the formed sulfonium
compound is associated (e.g. ionic pair) with a fluorinated
sulfonic acid to thereby provide a photoacid generator com-
pound. The sulfonic acid compound may be suitably present
in a reaction mixture with the alkylsulfide compound
throughout the cyclization reaction to thereby yield the com-
plexed ionic pair. Alternatively, the sulfonium compound
may be formed through the cyclization process and a sulfonic
acid may be added to the formed sample of sulfonium com-
pound to provide the complexed PAG.

In especially preferred aspects, the fluorinated sulfonic
acid has a formula of R(CH,),(CF,),SO,— where n is an
integer of 1 to 5 (preferably n is 2 or 3, especially 2) and R is
anon-hydrogen substitutent such as substituted ester, includ-
ing e.g. where R is —O(C—0) (optionally substituted ada-
mantyl such as hydroxyl adamantyl). An especially preferred
sulfonic acid component of PAGs of the invention is selected
from formulae of (adamanyl)R(C—O0)O(CH,),(CF,),
SO;—; (hydroxyadamanyl) R(C—0)O(CH,),(CF,),S0;—;
and (cyanoadamanyl)R(C1O)O(CH,),(CF,),S0,—.

Particularly preferred sulfonium compounds of the inven-
tion include the following:

F
F 0
o |
S_
Fol
0 F 0
OH
F
F 0
o |
-
Fol
0 F 0

Additional particularly preferred sulfonic acids include the
following:

F
o) F
(0]
HO SO;
F
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0]

20

25

40

50

55

60

o
o

4

-continued

An especially preferred PAG of the invention includes the
following of Formula (I) and (II):

F
F 0
0 I
S—O
Fol
0 F 0
OH
F
F
0
S—O
Fol
0 F 0

wherein in each of Formulae (1) and (II) R is hydrogen or a
non-hydrogen substituent such a straight, branched or cyclic
C, 5 alkyl groups. In a particularly preferred aspect, in each
of Formulae (I) and (II), R is tert-butyl.

Additional preferred PAGs of the invention include an
anion component that comprises a cyclic lactone moiety as
exemplified by the following Formula I1I:

@

an

=0

(I

F
R, o) F
| O
R,—§* HO SOz
| F
Rs o) O F
0

wherein R1, R2 and R3 are each independently the same or
different non-hydrogen substituent such as substituted or
unsubstituted, straight or branched C,-C,, alkyl, alkenyl or
oxoalkyl group, or a substituted or unsubstituted C,_, 5 car-
bocyclic aryl, aralkyl or aryloxoalkyl group, or any two or
more of R1, R2 and R3 may bond together to form a ring with
the sulfur atom.
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Yet additional preferred PAGs of the invention include an -continued
anion component that comprises a cholic acid (cholate) moi- R,
ety as exemplified by the following of Formula (IV): Rz—é*
) L
F
F
SO;3”
F
F 10

wherein R1, R2 and R3 are each independently the same or
different non-hydrogen substituent such a substituted or
unsubstituted, straight or branched C, ,, alkyl, alkenyl or
13 oxoalkyl group, or a substituted or unsubstituted C,_, car-
bocyclicaryl, aralkyl or aryloxoalkyl group, or any two or
more of R1, R2 and R3 may bond together to form a ring with
the sulfur atom.
The following Schemes 1 and 2 exemplify particularly
preferred synthetic methods.

Scheme 1. Iodonium approach to synthesis TBPTMS AdCOTFBS PAG

F
C Br
o 07 NN
153
0 DBU/CH2CI2
F, Na25204/NaHCO3 E,
o c _—_ o
NN N, CH,;CN/H20 NN N0,
13 Ey
0 0

NaZWO4/H202lCH3 CN/H20

F F
0 c <~_< >—1—< >—¢‘ 0 c
\/\C/ ~50, (;Ac- \/\%/ \SO3'Na+
2

153
(@]
I
< > + < >
Wenzoate
S
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Scheme 2. Direct cyclization scheme for TBPTMS AdCOTEBS Synthesis
153
C Br
HO/\/ ~ % 7~
cl 2
DBU/CH2CI2
(0]
o gz Na28204/NaHCO3
_—
NN TN, CH;CN/H20
F
(0] (0]
Na,WO4,/H,0,
CH3CN/H20
\
F,
(e) C
SN N so,vet
F,
(0]
SH
1. EtsN/ —
methyl t-butyl ether | S
+
reflux | \ / \/\/\ Br
Br—\_/— Br
/
O
\/\ % 7
2

The following Scheme 3 exemplifies additional particu-
larly preferred synthetic methods:

Scheme 3. Direct cyclization scheme for TBPTMS 3-OH AdCOTEBS Synthesis

on
153
C Br
HO/\/ ~ % ~
OH =
CDUTHF
0
on on
o Ex Na2S204/NaHCO3
NN TN, CH;CN/H20
F,
0 0

NazWO4/ H202

CH3CN/H20

F
O\/\ PN
C SO, Na*
F
CH3CN reflux,
> direct cyclization
_
F,
C
\SO3'
S+
F
0 PN
NN SO, Na*
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oH ™
F,
(¢) C
~N\ % SN SO,Na*
U 2 CH3CN reflux,
> direct cyclization
—_—
SH
1. BN/ —
methyl t-butyl ether | S
+
reflux | \ / \/\/\ Br
Br—\_/— Br
OH
Fy
(0] C
\/\ C VN SOy
F>
The following Scheme 4 exemplifies additional particu- anion component that include a lactone moiety, such as com-
larly preferred synthetic methods. These methods are particu- 3C pounds of Formula (I1I) above:
larly useful to prepare PAGs of the invention that comprise an
Scheme 4. Synthetic scheme for Hydroxy ONL-COTFBS PAG Synthesis
cloc 0 CO:Me 0, CO,Me
= o 1) 0C,, 30 mins MCPBA/EA 0O
+ _— B
= ? ]lg/gl(\)IHlO C
coct T CO,Me CO,Me
1. NaOH
2. HCI

o COOH

F
o) F
HO o . . . HO
Br 1). Triflurcacetic anhydride
F
0 F 2). Br-TFBS-OH
0 ¢}
0 6}
F F
o] E o] E
O O
HO SO, Na* ., o SOsNa*
F F
e} F [0} F
¢} ¢}
¢} 6}

|
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-continued .
0 F Il{l
O
HO SOy R,—s8*
F |
0 R
O
[}
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The following Scheme 5 exemplifies additional particu-
larly preferred synthetic methods. These methods are particu-
larly useful to prepare PAGs of the invention that comprise an
anion component that include a cholate moiety, such as com-
pounds of Formula (IV) above:

cyano, sulfono, alkyl including C, |4 alkyl with C, g alkyl
being preferred, haloalkyl such as fluoroalkyl (e.g. trifluo-
romethyl) and perhaloalkyl such as perfluoroC, ,allyl,
alkoxy including C, ¢ alkoxy having one or more oxygen
linkages with C,_, alkoxy being preferred, alkenyl including

Scheme 5. Synthetic scheme for DHC-TFBS PAG

As stated herein above, various substituent groups of PAGs
of the invention may be optionally substituted. Substituted 65 including C,_,, alkenyl with C, 4 alkynyl being preferred,

moieties are suitably substituted at one or more available
positions by, e.g., halogen such as F, Cl Br and/or 1, nitro,

CDI
toluene

C,_,, alkenyl with C, ¢ alkenyl being preferred, alkenyl

aryl such as phenyl or naphthyl and substituted aryl such as
halo, alkoxy, alkenyl, alkynyl and/or alkyl substituted aryl,
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preferably having the number of carbon atoms mentioned
above for corresponding groups. Preferred substituted aryl
groups include substituted phenyl, anthracenyl and naphthyl.

As used herein, the term alkyl, alkenyl and alkynyl unless
otherwise modified refers to both cyclic and noncyclic
groups, although of course cyclic groups will comprise at
least three carbon ring members. Alkenyl and alkynyl groups
of compounds of the invention have one or more unsaturated
linkages, typically 1 to about 3 or 4 unsaturated linkages.
Also, the terms alkenyl and alkynyl as used herein refer to
both cyclic and noncyclic groups, although straight or
branched noncyclic groups are generally more preferred.
Alkoxy groups of PAG compounds of the invention have one
or more oxygen linkages, typically 1 to about 5 or 6 oxygen
linkages. Alkylthio groups of PAGs of the invention have one
or more thioether linkages, typically 1 to about 5 or 6 thioet-
her linkages. Alkylsulfinyl groups of PAG compounds of the
invention have one or more sulfinyl (SO) linkages, typically 1
to about 5 or 6 sulfinyl linkages. Alkylsulfonyl groups of PAG
compounds of the invention have one or more sulfonyl (SO,)
linkages, typically 1 to about 5 or 6 sulfonyl linkages. Pre-
ferred alkylamino groups of PAG compounds of the invention
include those groups having one or more primary, secondary
and/or tertiary amine groups, preferably 1 to about 3 or 4
amine groups. Suitable alkanoyl groups have one or more
carbonyl groups, typically 1 to about 4 or 5 carbonyl groups.
Alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkanoyl and
other groups may be suitably either linear or branched. Car-
bocyclic aryl as used herein refers to non-hetero aromatic
groups that have 1 to 3 separate or fused rings and 6 to about
18 carbon ring members and may include e.g. phenyl, naph-
thyl, biphenyl, acenaphthyl, phenanthracyl, and the like. Phe-
nyl and naphthyl are often preferred. Suitable heteroaromatic
or heteroaryl groups will have 1 to 3 rings, 3 to 8 ring mem-
bers in each ring and from 1 to about 3 hetero atoms (N, O or
S). Specifically suitable heteroaromatic or heteroaryl groups
include e.g. courmarinyl, quinolinyl, pyridyl, pyrazinyl,
pyrimdinyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imi-
dazolyl, indolyl, benzofuranyl, and benzothiazole.

Asdiscussed above, PAGs of the invention are useful as the
radiation sensitive component in photoresist compositions,
including both positive-acting and negative-acting chemi-
cally amplified resist compositions.

The photoresists of the invention typically comprise a resin
binder and a photoactive component of the invention as
described above. Preferably the resin binder has functional
groups that impart alkaline aqueous developability to the
resist composition. For example, preferred are resin binders
that comprise polar functional groups such as hydroxyl or
carboxylate. Preferably the resin binder is used in a resist
composition in an amount sufficient to render the resist devel-
opable with an aqueous alkaline solution.

Preferably, a photoacid generator compound of the inven-
tion is employed in a chemically amplified positive-acting
resist. A number of such resist compositions have been
described, e.g.,in U.S. Pat. Nos. 4,968,581 4,883,740, 4,810,
613 and 4,491,628 and Canadian Patent Application 2,001,
384, all of which are incorporated herein by reference for
their teaching of making and using chemically amplified
positive-acting resists. In accordance with the present inven-
tion, those prior resist compositions are modified by substi-
tution of the photoactive component of the invention as the
radiation sensitive component.
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PAGs of the invention also are preferably used with poly-
mers that contain one or more photoacid-labile groups and
that are substantially, essentially or completely free of phenyl
or other aromatic groups. Such photoresist compositions are
particularly useful for imaging with sub-200 nm radiation
such as 193 nm radiation.

For example, preferred polymers contain less than about 5
mole percent aromatic groups, more preferably less than
about 1 or 2 mole percent aromatic groups, more preferably
less than about 0.1, 0.02, 0.04 and 0.08 mole percent aromatic
groups and still more preferably less than about 0.01 mole
percent aromatic groups. Particularly preferred polymers are
completely free of aromatic groups. Aromatic groups can be
highly absorbing of sub-200 nm radiation and thus are unde-
sirable for polymers used in photoresists imaged with such
short wavelength radiation.

Suitable polymers that are substantially or completely free
of'aromatic groups and may be formulated with a PAG of the
invention to provide a photoresist for sub-200 mu imaging are
disclosed in European application EP930542A1 of the Ship-
ley Company.

Suitable polymers that are substantially or completely free
of aromatic groups suitably contain acrylate units such as
photoacid-labile acrylate units as may be provided by poly-
merization of methyladamanatylacrylate, methyladamanyl-
methacrylate, ethylfencylacrylate, ethylfencylmethacrylate,
and the like; fused non-aromatic alicyclic groups such as may
be provided by polymerization of a norbornene compound or
other alicyclic compound having an endocyclic carbon-car-
bon double bond; an anhydride such as may be provided by
polymerization of maleic anhydride; and the like.

Preferred negative-acting compositions of the invention
comprise a mixture of materials that will cure, crosslink or
harden upon exposure to acid, and a photoactive component
of the invention.

Particularly preferred negative acting compositions com-
prise a resin binder such as a phenolic resin, a crosslinker
component and a photoactive component of the invention.
Such compositions and the use thereof has been disclosed in
European Patent Applications 0164248 and 0232972 and in
U.S.Pat.No. 5,128,232 to Thackeray et al. Preferred phenolic
resins for use as the resin binder component include novolaks
and poly(vinylphenol)s such as those discussed above. Pre-
ferred crosslinkers include amine-based materials, including
melamine, glycolurils, benzoguanamine-based materials and
urea-based materials. Melamine-formaldehyde resins are
generally most preferred. Such crosslinkers are commercially
available, e.g. the melamine resins sold by American Cyana-
mid under the trade names Cymel 300, 301 and 303. Gly-
coluril resins are sold by American Cyanamid under trade
names Cymel 1170, 1171, 1172, urea-based resins are sold
under the trade names of Beetle 60, 65 and 80, and benzogua-
namine resins are sold under the trade names Cymel 1123 and
1125.

Photoresists of the invention also may contain other mate-
rials. For example, other optional additives include actinic
and contrast dyes, anti-striation agents, plasticizers, speed
enhancers, sensitizers, etc. Such optional additives typically
will be present in minor concentration in a photoresist com-
position except for fillers and dyes which may be present in
relatively large concentrations such as, e.g., in amounts of
from 5 to 30 percent by weight of the total weight of a resist’s
dry components.

A preferred optional additive of resists of the invention is
an added base, particularly tetrabutylammonium hydroxide
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(TBAH), which can enhance resolution of a developed resist
relief image. The added base is suitably used in relatively
small amounts, e.g. about 1 to 10 percent by weight relative to
the PAG, more typically 1 to about 5 weight percent. Other
preferred basic additives include ammonium sulfonate salts
such as piperidinium p-toluenesulfonate and dicyclohexy-
lammonium p-toluenesulfonate; alkyl amines such as tripro-
pylamine and dodecylamine; aryl amines such as dipheny-
lamine, triphenylamine, aminophenol, 2-(4-aminophenyl)-2-
(4-hydroxyphenyl)propane, etc.

The resin binder component of resists of the invention are
typically used in an amount sufficient to render an exposed
coating layer of the resist developable such as with an aque-
ous alkaline solution. More particularly, a resin binder will
suitably comprise 50 to about 90 weight percent of total solids
of'the resist. The photoactive component should be present in
an amount sufficient to enable generation of a latent image in
a coating layer of the resist. More specifically, the photoactive
component will suitably be present in an amount of from
about 1 to 40 weight percent of total solids of a resist. Typi-
cally, lesser amounts of the photoactive component will be
suitable for chemically amplified resists.

The photoresists of the invention are generally prepared
following known procedures with the exception that a PAG of
the invention is substituted for prior photoactive compounds
used in the formulation of such photoresists. For example, a
resist of the invention can be prepared as a coating composi-
tion by dissolving the components of the photoresist in a
suitable solvent such as, e.g., a glycol ether such as 2-meth-
oxyethyl ether (diglyme), ethylene glycol monomethyl ether,
propylene glycol monomethyl ether; lactates such as ethyl
lactate or methyl lactate, with ethyl lactate being preferred;
propionates, particularly methyl propionate and ethyl propi-
onate; a Cellosolve ester such as methyl Cellosolve acetate;
an aromatic hydrocarbon such toluene or xylene; or a ketone
such as methylethyl ketone, cyclohexanone and 2-heptanone.
Typically the solids content of the photoresist varies between
5 and 35 percent by weight of the total weight of the photo-
resist composition.

The photoresists of the invention can be used in accordance
with known procedures. Though the photoresists of the inven-
tion may be applied as a dry film, they are preferably applied
on a substrate as a liquid coating composition, dried by heat-
ing to remove solvent preferably until the coating layer is tack
free, exposed through a photomask to activating radiation,
optionally post-exposure baked to create or enhance solubil-
ity differences between exposed and nonexposed regions of
the resist coating layer, and then developed preferably with an
aqueous alkaline developer to form a relief image. The sub-
strate on which a resist of the invention is applied and pro-
cessed suitably can be any substrate used in processes involv-
ing photoresists such as a microelectronic wafer. For
example, the substrate can be a silicon, silicon dioxide or
aluminum-aluminum oxide microelectronic wafer. Gallium
arsenide, ceramic, quartz or copper substrates may also be
employed. Substrates used for liquid crystal display and other
flat panel display applications are also suitably employed, e.g.
glass substrates, indium tin oxide coated substrates and the
like. A liquid coating resist composition may be applied by
any standard means such as spinning, dipping or roller coat-
ing. The exposure energy should be sufficient to effectively
activate the photoactive component of the radiation sensitive
system to produce a patterned image in the resist coating
layer. Suitable exposure energies typically range from about
1 to 300 mJ/cm>. As discussed above, preferred exposure
wavelengths include sub-200 nm such as 193 nm. Suitable
post-exposure bake temperatures are from about 50° C. or
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greater, more specifically from about 50 to 140° C. For an
acid-hardening negative-acting resist, a post-development
bake may be employed if desired at temperatures of from
about 100 to 150° C. for several minutes or longer to further
cure the relief image formed upon development. After devel-
opment and any post-development cure, the substrate surface
bared by development may then be selectively processed, for
example chemically etching or plating substrate areas bared
of photoresist in accordance with procedures known in the
art. Suitable etchants include a hydrofluoric acid etching solu-
tion and a plasma gas etch such as an oxygen plasma etch.

The following non-limiting example is illustrative of the
invention.

EXAMPLE 1

Synthesis of TBPTMS 30H-Ad TFBS

The three steps synthesis of TBPTMS 30H-Ad TFBS is
described in the Scheme A. The details synthetic procedures
for each step are outlined below.

Scheme A
Step 1:
OH
F,
C Br
HO/\/ ~ C ~
F>
OH
CDITHF
(0]
OH
1. Na,S,04/
o gz NalCO;
—_—
\/\C/ \Br 2. H,Oy/
F, Na, WO,
(0]
OH
F,
C SO, Na*
F,
(0]
30H-AdTFBSNa
Step 2:

E;N
SH + Br—\_/—Br —

\ /SWBr

1-(4-Bromo-butylsulfanyl)-4-tert-butyl-benzene
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Step 3:
OH
F
O\/\ e ‘<
C SO3Na* ")
F
(@]
CH3CN
+ reflux
s,
S\/\/\
Br
/
OH
F
O\/\ rd C\
% SO5”
2

TBPTMS 30H-AdTFBS

Step 1: Synthesis of 30H-Ad TFBSNa

To a 250 ml flask were added 15 g of the 3-hydroxyada-
mantane-1-carboxylic acid and 150 ml of anhydrous tetrahy-
drofurane (THF) under anitrogen (N,) sweep. To this mixture
was added 1',1'-carbonyldiimidazole (CDI, 13.65 g) in por-
tions over a 30 min period. After the addition was completed,
the reaction was held at room temp for 3 hrs. The mixture was
heated to reflux and then 4-bromo-3,3,4,4-tetrafluoro-butan-
1-01 (18 g) was added over a 5 min period. The mixture was
kept at reflux for additional 15 h. The reaction was cooled to
25 C, added to a separatory funnel then 4-5 volumes of water
were added. The bottom layer was collected and the top layer
was washed with 300 ml of ethyl acetate. The amber oil and
the ethyl acetate solution were combined then washed with
4x200 ml deionized water. The pH of the water washes goes
from ~9 to ~6.5. The ethyl acetate was dried over MgSO,, and
removed under reduced pressure to produce an oil, which was
used without further purification. The above oil (assumed
100% yield) was combined with 26.6 g sodium thiosufite,
19.3 g sodium bicarbonate, 150 ml of acetonitrile and 150 ml
of deionized water. This mixture was held overnight (16 hrs)
at 60 C. The mixture was cooled to room temp. The acetoni-
trile layer was collected and placed in another 500 ml flask
and 100 ml of deionized water was added followed by 13 g
30% hydrogen peroxide and 60 mg of the catalyst
(NaWO,.2H,0). The solution was stirred for 2-3 hrs at room
temp. After the reaction was complete, 13 g of sodium
bisulfite was added slowly to neutralize any residual H,O,. To
the pale yellow one phase system was added 30 g of sodium
chloride resulting in a two phase system. The upper layer was
collected, dried over MgSQO, and then slowly addedto 1.4 L. of
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stirred methyl t-butylether to yield a pale yellow solid. The
solid was dried leaving 13.5 g (42%) of analytically pure
30H-Ad TFBSNa.

Step 2: synthesis of
1-(4-Bromo-butylsulfanyl)-4-tert-butyl-benzene

To a 500 ml flask were added 19 g of triethylamine, 65 g of
1,4-dibromobutane and 255 ml of methyl t-butylether under a
nitrogen sweep. To this mixture was added a solution of 25 g
of t-butylbenzenethiol and 70 ml of methy] t-butylether over
a7 hr period. The reaction solution was stirred overnight. The
mixture was filtered to remove salts. The filtrate was washed
with 2x100 ml 1.2N HCl then with 4x100 ml deionized water.
The methyl t-butylether was dried over MgSO,, then removed
under vacuum at 30 C to yield an oily compound. The excess
1,4-dibromobutane was distilled off under reduced pressure
(1.5 Torr) at 35-40 C. The H-NMR indicated the material to be
95% pure with an in-pot yield of 84%. This material was
further distilled to recover the product, 1.5 Torrat 15° C., with
a final yield of 56% of pure 1-(4-Bromo-butylsulfanyl)-4-
tert-butyl-benzene.

Step 3: Synthesis of TBPTMS 30H-Ad TFBS

To a 3 liter round bottom flask equipped with a thermom-
eter, overhead stirrer and condenser with nitrogen gas inlet
was added 1-(4-Bromo-butylsulfanyl)-4-tert-butyl-benzene
(204 g, 677 mmol), 30H-Ad TFBSNa (144 g, 338.5 mmol)
and 2 liter of acetonitrile. The reaction mixture was heated to
reflux for 16 hours. The reaction was allowed to cool to room
temperature. The salts (sodium bromide) were filtered off and
the acetonitrile was removed under reduced pressure result-
ing in an orange oil. The oil was dissolved in 1 L of ethyl
acetate then washed 4x1 L. deionized water. The ethyl acetate
solution was dried with MgSO, then 5 g of activated charcoal
was added. The entire mixture was stirred for 2-3 hrs. The
mixture was filtered yielding a very pale yellow solution. The
ethyl acetate was reduced in volume (400-500 ml) then
slowly added to 5 L of methyl t-butylether giving an oily
material. H-NMR indicates some of the thiobromobutane still
present. Repeat the precipitation: dissolve the PAG in 400 ml
of ethyl acetate then precipitated into 4 L. of methyl t-bu-
tylether which again results in a nearly colorless oil. The ethyl
acetate/methyl t-butylether was decanted off and the oil was
dissolved again then placed in a 2 . IN RB flask and the
solvent was slowly removed by vacuum to give 127.5 g of
analytically pure TBPTMS 30H-Ad TFBS (60% yield).

EXAMPLE 2

Synthesis of TPS DHC TFBS

The three steps synthesis of TBPTMS 30H-Ad TFBS is
described in the Scheme B. The details synthetic procedures
for each step are outlined below.
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Scheme B

Step 1:

Br CDI
HO toluene, reflux

F
F
Br
F
F
DHC-TFBBr
Step 2:
F
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F
F
1. Na,8,04/NaHCO;
2. NayWO,+2H,0H,0
F
F
SOsNa
F
F

DHC-TFBSNa



US 9,255,079 B2

21 22
-continued
Step 3:

F

F
SO;Na

F

F
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@

TPS DHC-TFBS

Step 1: Synthesis of DHC-TFBBr

To a 3 L flask were added 120 g of Dehydrocholic acid
(298.12 mmol), 50.7 g of 1,1'-carbonyldiimidazole (CDI) and
1800 mL toluene under a nitrogen sweep. The mixture was
held at room temp for 2-3 hrs. The mixture was heated to
reflux, then 70.40 g of 4-bromo-3,3,4,4-tetratluoro-butan-1-
01 (312.9 mmol) was added over a 5 min period. The mixture
slowly becomes an amber colored solution with overnight
heating. The reaction was cooled to 25 C, added to a separa-
tory funnel then washed with water (10x800 ml) until the pH
was equal to the pH of the DI water. To the top (amber
colored) toluene layer was added MgSO, and 15 g of acti-
vated charcoal. This mixture was stirred for 2 hrs and then
filtered. The filtrate (toluene) was removed under reduced
pressure resulting in a white solid. This solid was vacuum
dried at 70 C for 18 hrs leaving 136 g of product (75% yield).
The product DHC-TFBBr was used in step 2.

Step 2: Synthesis of DHC-TFBSNa

The product DHC-TFBBr (136 g) from step 1 was com-
binedin a3 L flask with 78 g sodium thiosufite, 56.8 g sodium
bicarbonate, 1300 ml of acetonitrile and 650 ml of deionized
water. This mixture was held at 60 C for 16 hrs. The mixture
was cooled to room temp. The acetonitrile layer was collected
and placed in a 2 L flask and the water was azeotroped off by
removing ~50% of the acetonitrile. Any salts which precipi-
tated out were removed and the filtrate was poured into 10 L
of methyl t-butyl ether. The solid was collected by filtration
and dried. 138.5 g of sulfinate salt was obtained which were
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added to a mixture of 750 ml of acetonitrile and 350 ml of DI
water. To the mixture was added 150 mg of NaWO,.2H,O
and 38.2 g of 30% hydrogen peroxide. The solution was
stirred for 2-3 hrs at room temp. The product DHC-TFBSNa
was obtained after usual workup as colorless solid. Yield 100
g (71%). The product was used in the 3red step.

Step 3: Synthesis of TPS DHC-TFBS

A mixture made of 111 g of DHC-TFBSNa, 60.50 g of
triphenyl sulfonium bromide in 750 ml methylene chloride
and 100 ml of deionized water was stirred at room tempera-
ture for 18 hours. The layers were separated and the bottom
organic layer was washed with 10x500 ml of deionized water.
The methylene chloride was dried over MgSO,, then reduced
in volume by 40%. The methylene chloride solution was
slowly added to 10 LL of Methyl t-butyl ether. The solid was
collected and dried leaving 139 g of TPS DHC-TFBS. The
productwas refluxed overnight in 500 ml of MTBE, collected
and dried leaving 131 g of analytically pure product.

EXAMPLE 3

Photoresist Preparation and Lithographic Processing

A photoresist of the invention is prepared by mixing the
following components with amounts expressed as weight
percent based on total weight of the resist compositions:
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Resist components Amount (wt. %)
Resin binder 15
Photoacid generator 4
Ethyl lactate 81

The resin binder is a terpolymer (2-methyl-2-adamantyl
methacrylate/beta-hydroxy-gamma-butyrolactone meth-
acrylate/cyano-norbornyl methacrylate. The photoacid gen-
erator is the compound TPS DHC-TFBS, as prepared in
Example 2 above. Those resin and PAG components are
admixed in the ethyl lactate solvent.

The formulated resist composition is spin coated onto
HMDS vapor primed 4 inch silicon wafers and softbaked via
avacuum hotplate at 90° C. for 60 seconds. The resist coating
layer is exposed through a photomask at 193 nm, and then the
exposed coating layers are post-exposure baked at 110° C.
The coated wafers are then treated with 0.26N aqueous tet-
rabutylammonium hydroxide solution to develop the imaged
resist layer.

What is claimed is:

1. A method for producing a sulfonium compound associ-
ated with a fluorinated sulfonic acid, the method comprising
cyclizing an alkylthio compound in the presence of a fluori-
nated sulfonic acid.

2. The method of claim 1 wherein the alkylthio compound
has a formula of R—S(CH,),,(CH,LG) where:

R is a non-hydrogen substitutent;

n is an integer of from 3 to 6; and

LG is a leaving group.

3. The method of claim 1 wherein the fluorinated sulfonic
acid has a formula of R(CH,),,(CF,),SO;— where n is an
integer of from 2 to 8, and R is a non-hydrogen substitutent.
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4. The method of claim 1 wherein a photoacid generator
compound is produced that is selected from the following
Formulae (I) and (II):

F
F 0
o |
S—Or
Fol
0 F 0

OH
F
F
0
S—O
Fol
0 F 0

wherein in each of Formulae I and II R is hydrogen or a
non-hydrogen substituent such a straight, branched or
cyclic C, _,, alkyl groups.

5. The method of claim 4 wherein R is tert-butyl.
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